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Abstract 

Although it is extremely rare, nuclear imaging of a pregnant woman presents a unique challenge to the nuclear medicine physician 
because of the high concern for radiation risk to the embryo or the fetus. This challenge has been exacerbated due to recent 
heightened public concern of medical procedures involving radiation. This awareness also has been emphasized to the referring 
physicians to the extent that the risks of most nuclear medicine scans are overstressed relative to the benefit. Radionuclide procedures 
are reluctantly ordered by clinicians in pregnant patients, because of the malpractice fear or because of uncertainty regarding fetal 
radiation dose. However, when used appropriately, the benefits of nuclear imaging procedures usually outweigh the minimal risks 
associated with small amount of radiation even in pregnant patients. (MIRT 2012;21:1-5) 
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Ozet 

Olduk^a nadir yapildigi halde, hamile bir hastanm nukleer goruntulemesi embryo ya da fetusa radyasyon riski endijesi lie nukleer 
tip doktoru i^in ozgijn bir sorun tejkil eder Bu sorun halkm radyasyon i^eren tetkiklere karji duyarliligmm artmasi ile daha da 
belirgin hale gelmijtir Bu farkmdalik klinisyenlere de yansimijtir ve bir gok nukleer tip tetkikinin riskleri, klinisyenler tarafindan 
faydalarindan gok daha fazia vurgulanmaktadir Nukleer tip tetkikleri radyasyon dozundaki belirsizlik ve malpraktis korkusu nedeni 
ile hamile hastalar igin tereddut iginde istenmektedir Ancak, geregine uygun olarak yapildiginda hamilelik sirasinda bile nukleer 
tip tetkiklerinin faydalari, genellikle dujijk radyasyon dozuna bagli minimal risklerden daha fazladir (MIRT 2012;21:1-5) 
Anahtar kelimeler: Gebelik, nukleer tip, tani teknikleri ve ijlemleri, tanisal goruntuleme 



Introduction 

Radiation exposure to patients from imaging studies has 
been an important issue. Growing public awareness of the 
potential hazard of radiation has led to involvement of 
several organizations and the establishment of radiological 
protection standards, legislation, guidelines, and programs. 
Modern nuclear medicine imaging procedures offer 
significant information about disease and are often critical 
components of patient management. Pregnant women 
present a particularly difficult challenge because of the need 



to balance the benefit of the imaging study to the mother 
with the risk from the radiation exposure to the unborn 
embryo or fetus. 

This Review Article is Written in Order to 

A. Provide an overview of radiation effects on the 
embryo or the fetus during various stages of 
development. 

B. Relate fetal radiation doses from selected nuclear 
medicine procedures to the established fetal exposure limits. 

C. Describe actions and precautions that could reduce 
radiation exposure to the unborn child. 
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D. Briefly discuss the current literature on nuclear 
imaging of a pregnant patient. 

E. Describe factors entering into the cost to benefit 
decision analysis for nuclear medicine procedures during 
pregnancy and emphasize the necessity of 
communication of these to the referring physicians and 
the patient. 

A. Radiation Effects on tfie Embryo or the Fetus 
During Various Stages of Development 

The possible effects associated with prenatal radiation 
exposure include immediate effects (such as fetal death or 
malformations) or increased risk for cancer later in life. 

Early Gestation / First Trimester: At this stage, the rate 
of fetal growth is very rapid and the fetus is at its most 
radiation-sensitive stage. It is believed that radiation injury 
during early gestation is an "all-or-nothing" effect (1). 

Second Trimester: The overall growth rate of the fetus 
has slowed during this period. However, the major organ 
systems are beginning to differentiate. The fetus is in its 
most sensitive stage to radiation. The incidence of gross 
congenital malformations and mental retardation are 
dose-related and appear to have thresholds (1). 

Third Trimester: Irradiation during this period may 
deplete cell populations at very high doses (over 50 rem), 
but will not result in gross organ malformations (1). 

Before about 2 weeks gestation (the time after 
conception), the health effect of concern from an 
exposure of > 0.1 gray (Gy) or 10 rads is the death of the 
embryo* (2,3). If the embryo survives, radiation-induced 
noncancer health effects are unlikely, no matter what the 
radiation dose (2,3). 



From about 16 weeks' gestation to birth, radiation- 
induced noncancer health effects are unlikely below about 
0.50 Gy (50 rads) (2). Radiation may significantly effect 
brain development among persons exposed at 8-15 
weeks' gestation. Atomic bomb survivor data indicate 
that, the average IQ loss is approximately 25-31 points per 
Gy (per 100 rads) above 0.1 Gy (10 rads), and the risk for 
severe mental retardation is approximately 40% per Gy 
(per 100 rads), above 0.1 Gy (10 rads). The central 
nervous system is less sensitive in the 16- to 25-week 
stage of gestation. In the 16- to 25-week stage the 
average IQ loss is approximately 13-21 points per Gy (per 
100 rads) at doses above 0.7 Gy (70 rads) (4,5). 
B. Fetal Radiation Doses From Selected Nuclear 
Medicine Procedures and the Established Fetal 
Exposure Limits 

Fetal radiation doses for selected nuclear medicine 
procedures are given in Table 1 (6). These values can be 
compared with the dose to the conceptus from naturally 
occurring background radiation, which is approximately 
0.5-1 mSv (50-100 millirem; 0.0005-0.001 Gy) for the 
entire period of gestation (7). 

Most researchers agree that a dose of <0.05 Gy (5 
rads) represents non-measurable noncancer risk to the 
embryo or fetus at any stage of gestation. Beyond about 
26 weeks, the fetus is less sensitive to the noncancer 
health effects of radiation exposure than in any other 
stage of gestation. At doses above 1 Gy (100 rads) the 
risks for miscarriage and neonatal death increases. 

International Commission on Radiological Protection 
Publication (ICRP) 84 "Pregnancy and Medical Radiation", 



Table 1. Fetal radiation doses for selected nuclear medicine procedures 


n milliards (milligray**) 


**(1 milligray = 1 mi 


liSievert) 


Tracer 


Dose (mCi) 


<3 months 


3 months 


6 months 


9 months 


iSp FDG 


10 


999 (9.99) 


629 (6.29) 


348 (3.48) 


300 (3) 


i"ln WBC 


0.5 


260 (2.6) 


192 (1.92) 


192 (1.92) 


188(1.88) 


99"iTc DMSA 


6 


112 (1.12) 


103 (1.03) 


88 (0.88) 


75 (0.75) 


99mTc DTPA 


20 


900 (9) 


653 (6.53) 


308 (3.08) 


353 (0.353) 


99mTc DTPA Aerosol 


1.1 


23 (0.23) 


17 (0.17) 


9 (0.09) 


1 2(0.12) 


99r"Tc MAA 


6 


62 (0.62) 


88 (0.88) 


110(1.1) 


88 (0.88) 


99mTc Disofenin 


10 


595 (5.95) 


525 (5.25) 


420 (4.2) 


235 (2.35) 


99rnTc MAG3 


20 


1350 (13.5) 


1050 (10.5) 


413 (4.13) 


390 (3.9) 


99r"Tc MDP 


20 


458 (4.58) 


405 (4.05) 


203 (2.03) 


180(1.8) 


99mTc RBC in vitro 


25 


632 (6.32) 


437 (4.37) 


316(3.16) 


260 (2.6) 


99f"Tc RBC in vivo 


15 


595 (5.95) 


400 (4) 


307 (3.07) 


251 (2.51) 
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DEPARTMENT OF RADIOLOGY, DIVISION OF NUCLEAR MEDICINE 
INFORMED CONSENT FOR DIAGNOSTIC NUCLEAR MEDICINE PROCEEDURES DURING PREGNANCY 

NAME: DATE: 

PHYSICIAN: MRN: 

I understand that a has been ordered by my physician to assist in my diagnosis. 

I am pregnant and the doctor has explained that this examination will expose both me and the fetus to a small dose of radiation. This could be harmful, although the exact 
risks are not known. The doctor has explained to me the risks, benefits and alternatives, and I fully understand all of the above. 

I understand that alternative procedures may be used to diagnose my condition. However, my doctor has considered the risks, benefits, and alternatives and has recommend- 
ed to me that this examination be performed. 

I have had the opportunity to ask questions, and based upon my understanding of this examination, I give my consent to the doctor and such other persons as are needed to 
assist him/her to perform this examination. 

Date/Time: 

Nudear Medicine Physician Signature 

Date/Time: 

Patient Signature 

Date/Time: 

Witness Signature 

If patient is unable to provide consent, physician signature is required to document medical necessity. 



reported that "Prenatal doses from most properly done 
diagnostic procedures present no measurably increased 
risk of prenatal death, malformation, or impairment of 
mental development over the background incidence of 
these entities" (8). The commission also stated, "Fetal 
doses below 100 mGy (10 rad) should not be considered 
a reason for terminating a pregnancy (8)". 

ICRP Publication 84 states that radiation induced 
malformations have a threshold of 50 to 100 mGy (5-10 
rad). At fetal doses in excess of 500 mGy (50 rad), there 
can be significant fetal damage, the magnitude and type 
of which is a function of dose and stage of the pregnancy 
A fetal dose of 100 mGy (10 rad) has a very small risk of 
radiation-induced cancer. At this level, there is over a 99 
percent (99%) chance the exposed fetus will not develop 
childhood cancer or leukemia. 

Most standard nuclear medicine procedures produce 
fetal radiation doses below 50 mSv (5,000 millirem). The 
National Council on Radiation Protection and Measurements 
and the American College of Obstetricians and 
Gynecologists agree that the potential health risks to a 
fetus are not increased from most standard medical tests 
with a radiation dose below 50 mSv (9). Potential health 
risks may increase for combinations of several tests that 
result in radiation doses that exceed 50 mSv, depending 
on the dose and on the stage of pregnancy (9). 



C. Actions and Precautions that Could Reduce 
Radiation Exposure to the Unborn Child 

In females of child-bearing age, preprocedural 
questioning and testing should be made to determine 
who is, or could be, pregnant, prior to radiation exposure. 
A missed period in a regularly menstruating woman 
should be considered due to pregnancy, until proven 
otherwise. 

For most, but not all diagnostic imaging studies, fetal 
dose (and dose in general) can be reduced by a reduction 
in administered activity (e.g. Vi a typical administration) 
with a corresponding increase an imaging time (e.g. 
double) to preserve image quality 

Due to the fact that the some tracers are metabolized 
and excreted by the kidneys, and thus accumulate in the 
bladder, an effective method for reducing absorbed 
radiation dose to the fetus is to catheterize the bladder 
with simultaneous provision of intravenous hydration 
during the procedure. 

Nuclear medicine physicians should be aware that 
some radionuclides cross the placenta and pose increased 
fetal risks. An important example is 1-131. The fetal 
thyroid accumulates iodine after about 10 weeks of 
gestational age. High fetal thyroid doses from radioiodine 
can result in permanent hypothyroidism. If pregnancy is 
discovered within 12 h of radio-iodine administration, 
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Figure 1. Selected images from the one minute per frame sequential 
images of an in vitro gastrointestinal bleeding scan on a 6-month-old 
pregnant woman. At 4 minutes after injection (A) there is tracer 
accumulation in the liver, spleen, the major blood vessels and the 
uterus. Increased tracer accumulation is seen in lateral walls of the 
uterus more on the left than the right, during the beginning of the 
study. This likely represents the normal perfusion to the placenta. At 
15 minutes, time there is diffuse activity seen over the gestational 
uterus. Faint area of mildly increased activity accumulation within the 
uterus is noted. This central activity changes position over the course 
of the scan represents the viable fetus (B). The activity in the fetus is 
probably due to radioactive break down components of Tc-99m RBCs 
since intact RBCs do not normally cross the placenta. At 40 minutes 
(C) there is seen to be more prominent activity accumulation in the 
viable fetus. The final image at 60 minutes (D) shows a more clearly 
defined "blush" of activity in the left upper quadrant questionable 
for a Gl bleeding (arrowhead) and an angiography showed a gastro- 
splenic arteriovenous malformation (AVM) 

pronnpt oral administration of stable potassium iodine (60- 
1 30 mg) to the mother can reduce fetal thyroid dose. This 
may need to be repeated several times (8). 

D. Current Literature on Nuclear Imaging of 

Pregnant Patient 

Although it is extremely rare, a few nuclear medicine 
imaging procedures have been performed and reported 
on pregnant patients including a recent study with 18F 
FDG PET/CT. 

Six 18F-FDG PET studies were performed on five 
pregnant women with malignancies. The fetal radiation 
doses were assessed and found that the doses were 
significantly below the threshold for deterministic effects 
of radiation exposure to the fetus, and all patients 
ultimately delivered healthy infants without visible 
abnormalities (10). 



Bagga reported an 18 F-FDG PET/CT scan that was 
performed on a pregnant subject where Hodgkin 
lymphoma was diagnosed (11). The patient was 
counseled about radiation exposure and elected to have a 
therapeutic abortion than underwent chemotherapy after 
the scan. 

After imaging a pregnant patient with a Tc-99m 
macroaggregated albumin (MAA) perfusion study and a Tc- 
99m DTPA aerosol ventilation study Marcus et al. have 
concluded that the risk to mother and fetus from an 
undiagnosed pulmonary embolism outweighed the small 
risk to the fetus from radiation (12). This conclusion was 
shared by Ponto (13) who performed fetal dosimetry 
calculations related to the studies described by Marcus et al. 

Baker et al. presented cases in which pregnant breast 
cancer patients were evaluated for metastatic disease 
using Tc-99m MDP bone scans (14). To minimize fetal 
absorbed dose, tracer injection was reduced by half and 
imaging time was doubled. 

Palestro et al. published the incidental diagnosis of 
pregnancy on Tc-99m MDP and Ga-67 citrate scans of a 
pregnant patient who was under evaluation for low back 
pain and discussed the estimated fetal radiation doses 
from these scans (1 5). 

Padit-Taskar et al. performed a study to assess the 
amount of radiation exposure to the fetus during breast 
surgery involving sentinel lymph node (SLN) mapping 
using technetium-99m sulfur colloid (TSC) and compared 
this exposure to the federal regulatory limits (16). It was 
concluded that the maximal fetal doses during breast 
surgery involving TSC for SLN mapping are small and well 
below levels associated with risk concerns. At the 
administered activity levels (0.1 mCi and 0.5 mCi), 
pregnancy was not be considered a contraindication for 
SLN mapping in breast cancer utilizing TSC. 

After obtaining informed consent, a gastrointestinal 
bleeding study was performed in a pregnant patient during 
the 6 months of pregnancy who presented with 
hematemesis and dark blood in stool at our institution 
(Figure 1). An example of the informed consent document 
is provided. Bleeding scan showed faint tracer accumulation 
in the left upper quadrant questionable for a Gl bleed which 
prompted an angiography The angiogram showed a 
gastrosplenic arteriovenous malformation (AVM), and the 
patient therefore underwent interventional embolization of 
the AVM. After her condition stabilized, she was discharged 
from the hospital. The radiation dose to the fetus for a 
Tc-99m RBC-in vitro scan with an administered dose of 20 
mCi, was calculated as 2.52 mGy (252 millirads) at 6 
months and reported (17). 
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E. Factors Entering Into the Cost to Benefit 

Decision Analysis for Nuclear Medicine 

Procedures During Pregnancy and 

Communication of these to the 

Referring Physicians and the Patient 

In the rare case where a nuclear imaging study is 
ordered on a pregnant woman, the fetal radiation dose 
should be estimated by the nuclear medicine physician to 
provide more detailed approximation of possible risks to 
the fetus. Consultation with hospital medical physicists or 
a health physicist should be considered. 

The benefits and risks of a nuclear medicine procedure 
should be carefully discussed among the nuclear medicine 
physician, the referring physician, and most importantly 
the pregnant patient, who could be frightened. 

An important role of the nuclear medicine physician is 
to engage in a calm discussion and provide the patient the 
information needed to make rational decisions. This 
should include reassurance that the risk to the fetus is 
extremely small. This needs to be facilitated by outlining 
the potential absorbed dose to the fetus in the context of 
accepted standards and guidelines. The nuclear medicine 
physician should also emphasize that when used 
appropriately, the benefits of nuclear imaging procedures 
usually outweigh the minimal risks associated with small 
amount of radiation, even in pregnancy. 

*Both gray (Gy) and rad are units of absorbed dose and reflect the 

amount of energy deposited into a mass of tissue (1 Gy=100 rads). 

References 

1 . Committee on the Biological Effects of Ionizing Radiations. 
Genetic Effects of Radiation in Health Effects of Exposure to Low 
Levels of Ionizing Radiation (BEIR V). Washington National 
Academy Press, 1990;65-134. 

2. International Commission on Radiological Protection, editors. 
Annals of the ICRR Publication 90: Biological Effects After 
Prenatal Irradiation (Embryo and Fetus) 33 (1-2). Tarrytown, 
New York: Pergamon, Elsevier Science, Inc, 2003. 



3. National Council on Radiation Protection and Measurements. 
NCRP Report No. 128: Radionuclide Exposure of the 
Embryo/Fetus. Bethesda, Maryland: NCRP; 1998. 

4. Schull WJ. Effects of Atomic Radiation, A Half-Century of Studies from 
Hiroshima and Nagasaki. New York: Wiley-Liss & Sons, Inc.; 1995. 

5. United Nations Scientific Committee on the Effects of Atomic 
Radiation, Sources and Effects of Ionizing Radiation, United 
Nations Scientific Committee on the Effects of Atomic Radiation 
2000 Report to the General Assembly with Scientific Annexes. 
New York: United Nations Publications; 2000. 

6. Russell JR, Stabin MG, Sparks RB, Watson E. Radiation absorbed 
dose to the embryo/fetus from radiopharmaceuticals. Health 
Phys 1997;73:756-769. 

7. Wagner LK, Lester RG, Saldana LR. Exposure of the pregnant 
patient to diagnostic radiations: a guide to medical 
management. Madison, Wis: Medical Physics Publishing, 1997. 

8. International Commission on Radiological Protection Pregnancy 
and medical radiation. Ann ICRP 2000; 30: 1-43 pp. 

9. ACOG Committee on Obstetric Practice. Guidelines for 
diagnostic imaging during pregnancy ACOG Committee opinion 
no. 299, September 2004 (replaces no. 158, September 1995). 
Obstet Gynecol 2004;104:647-651. 

10. Takalkar AM, Khandelwal A, Lokitz S, Lilien DL, Stabin MG. 18F- 
FDG PET in Pregnancy and Fetal Radiation Dose Estimates. J NucI 
Med 2011;52:1035-1040. 

1 1 . Bagga S. A Corpus Luteal Cyst Masquerading as a Lymph Node Mass 
on PET/CT Scan in a Pregnant Woman With an Anterior Mediastinal 
Lymphomatous Mass. Clin NucI Med 2007;32:649-651. 

12. Marcus CS, Mason GR, Kuperus Mena I. Pulmonary Imaging in 
Pregnancy: Maternal Risk and Fetal Dosimetry. Clin NucI Med 
1985;10:1-4. 

13. Ponto JA. Fetal Dosimetry from Pulmonary Imaging in 
Pregnancy Revised Estimates. Clin Nud Med 1986;11:108-109. 

14. Baker J, Ali A, Groch MW, Fordham E, Economou SG. Bone 
Scanning in Pregnant Patients with Breast Carcinoma. Clin NucI 
Med 1987;12:519-524. 

15. Palestro CJ, Malat J, Collica CJ, Richman AH. Incidental diagnosis 
of pregnancy on bone and gallium scintigraphy J NucI Med 
1986;27:370-372. 

16. Pandit-Taskar N, Dauer LT, Montgomery L, St Germain J, 
Zanzonico PB, Divgi CR. Organ and fetal absorbed dose 
estimates from 99mTc-sulfur colloid lymphoscintigraphy and 
sentinel node localization in breast cancer patients. J NucI Med 
2006;47:1202-1208. 

17. Bural GG, Scheetz, M, Laymon CM, Mountz JM. Tc-99m Red 
Blood Cell bleeding scan in a pregnant woman presenting with 
hematemesis: A brief review of indications and guidelines for 
radionuclide scans during pregnancy. Clin NucI Med 
2011;36:987-990. 



5 



